Operative vaginal birth retains an important role in current obstetric practice. However, there is an increasing trend in the rate of cesarean section in Korea. Surgical delivery is more advantageous than cesarean section, but the rate of operative vaginal delivery is decreasing for various reasons. Furthermore, there is no unified technique for vacuum extraction delivery. In this context, this review was performed to provide details of the necessary conditions, techniques, benefits, and risks of operative vaginal delivery. Future research should focus on overcoming the limitations of operative vaginal delivery.
Introduction
Operative delivery is divided into vaginal and abdominal delivery. Vaginal delivery is further divided into forceps delivery, breech extraction, and vacuum extraction (VE), while abdominal delivery can be divided into cesarean section and postpartum hysterectomy.
The frequency of cesarean section in Korea increased from 4.9% in 1970 to 39.1% in 2015, but has remained relatively unchanged from the rate of 37.1% in 2005 [1] . This trend is considered to be related to maternal aging, increases in the rate of induced labor, and increases in the incidence of obesity among women. In addition, most breech deliveries are delivered by cesarean section, and the rates of forceps and vacuum deliveries have decreased in the United States (US) (Fig. 1) [2] . About 1 of 4 low-risk women was delivered by cesarean section in US. In response to this growing number of cesarean deliveries and the morbidities associated with cesarean deliveries, the Society for Maternal-Fetal Medicine and the American College of Obstetricians and Gynecologists recently convened a workshop to address preventing the primary cesarean delivery [3] .
With the increasing adoption of fetal monitoring systems in most hospitals, fetal distress can be diagnosed earlier than in previous decades, and medical staff makes a decision to perform cesarean section quickly due to concern regarding lawsuits.
Surgical vaginal delivery helps safe and successful vaginal deliveries in women with fetal indications. Although the use of cesarean delivery has grown considerably and is considered safe by many, surgical vaginal delivery has the great advantage of reducing the complications associated with cesarean section, such as death, postpartum hemorrhage (PPH), wound disruption and injury, venous thromboembolism, hemorrhage, infection, recovery time, rising costs, and subsequent repeat cesarean section [4] [5] [6] [7] [8] .
The decrease in surgical vaginal delivery is due to the risk of adverse court judgments against the doctor in the case of a problem [9] . This has led to a lack of experience with these techniques among medical residents, as hospitals and medical schools tend not to focus on training in surgical vaginal delivery. Although there are no statistical data regarding this issue, the rates of surgical vaginal deliveries are decreasing in private hospitals in particular in Korea.
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The most important factors in determining surgical vaginal delivery are consideration of which interventions are needed for delivery, the degree of risk associated with a particular technique, and the practitioner's skill level. This review will mainly discuss surgical vaginal delivery [10] . As the frequency of forceps delivery has been decreasing in Korea, we will mostly discuss VE. We review the published findings on maternal and neonatal complications and provide the clinical benefits of VE.
Indications
Surgical vaginal delivery can be performed to shorten the second phase of labor during delivery if the fetal heart rate is guessed fetal compromise or if the mother has medical problems, especially heart disease or hypertension. In addition, surgical vaginal delivery can be applied even if the mother is exhausted due to the pain associated with labor (Table 1) . In recent years, painless delivery has become more common, and the delayed standard time of the second phase of labor is different between primiparous and multiparous women, depending on whether there is painless delivery. If the delivery has only normal pain, the time is 3 to 4 hours for primiparous women and 2 to 3 hours for multiparous women. Without painless delivery, 2 hours for primiparous women and 1 hour for multiparous women are regarded as delays in the second phase of labor [11] .
The use of a second-stage upright or lateral position relative to the supine or lithotomy position was associated with a reduction in operative delivery [12] . Epidural analgesia reduces pain compared to non-epidural analgesia. However, epidural analgesia increases the incidence of operative vaginal delivery [13] . According to a meta-analysis, primiparous women with epidural analgesia are less likely to undergo rotation or surgical intervention when pushing 1 to 2 hours later or until they had a strong impulse to push [14] . Although overweight and obese nulliparous women are more likely to show signs of labor dystocia in the first stage of labor, the possibility of an operative vaginal delivery should be considered in the obese women who has arrested or protracted descent in the second stage. From a maternal standpoint, avoiding abdominal surgery will decrease the risk of complications such as wound infection, venous thromboembolism, and PPH, all complications that are increased in the obese patient. Many studies have shown that obese patients may benefit from operative vaginal deliveries when the second stage of labor is obstructed by soft tissue dystocia, with obese patients having higher rates of operative deliveries than their overweight or normal weight counterparts [15] .
Contraindications
Contraindications in the fetus include fetal bone demineralization such as osteogenesis imperfecta, blood clotting disorder, abnormal presentation such as brow presentation or face presentation, not in the engaged state, difficulty to grasp of fetal part and recent fetal scalp blood collection, and suspicion of fetal-pelvic disproportion [11] . Viral infections caused by maternal blood are not contraindications for surgical vaginal delivery. However, it is best to avoid tough operative delivery where there is a potential for increased fetal skin abrasion or trauma and to avoid fetal scalp clipping or blood sampling during labor [16] . In addition, all obstetrics and gynecology guidelines are limited to 34+0 gestational weeks, so if there is a possibility of intraventricular hemorrhage, cephalohematoma, subgaleal hematoma or neonatal jaundice ( Table 2 ). The use of VE is contraindicated in fetuses <34+0 gestational weeks, and most guidelines state that safety between 34 and 36 gestational weeks is still insufficient [17, 18] .
Obstetrical indications such as placenta previa and primary cesarean delivery, labor arrest in the first stage and nonreassuring fetal tracing before complete dilation are also contraindications of surgical vaginal delivery [6] .
Medical staff should be aware of these points to avoid unnecessary criticism.
Necessary combination
A knowledgeable and experienced obstetrician is the most important factor in successful operative vaginal delivery [19] . For VE, the uterine cervix must be fully dilated, the amniotic membrane ruptured, the fetal head engaged with the maternal pelvis, the doctor must know the weight and position of the fetus, there must be no fetal-pelvic disproportion, and the maternal bladder should be empty. In addition, the medical staff should be able to stop and consider cesarean section at any time after informing the mother regarding the risks or benefits and seeking her consent [11] .
Technique
First, the vacuum cup and generator should be confirmed to be working well before the procedure. The pressure scale must not exceed 500 to 600 mmHg [20] , and the cup should be placed on the head of the fetus. When using a standard 6-cm cup, the vacuum cup should be centered with the sagittal suture line (Fig. 2) , with the vacuum generator inoperative, and the cup edge should be positioned at least 3 cm from the posterior surface, at the flexion point. The cup must be attached flexion point to maximize the traction force, which makes it difficult to remove the adsorbent, and it will deliver to the shortest diameter at the correct fetal head position. In addition, a 360° check should be performed to ensure that the pelvic tissue of the mother is not caught in the vacuum cup. Traction pulls along the curvilinear axis of the pelvis when there is contraction of the uterus.
The maximum number and times of pulling that can be safely performed have not yet been established. The Royal Australian and New Zealand College of Obstetricians and Gynaecologists recommends stopping the attempt if the vacuum cup disengages more than 3 times [11] . The descent should be evaluated after each contraction of the uterus, and the absence of descent in the appropriate technique is evidence of fetal-pelvic disproportion.
Successful vacuum delivery is dependent on the doctor's skill and appropriate site selection. At the start of traction, the cup should be pulled downward, and when the fetal head begins to appear, the direction of upward traction should be gradually changed (Fig. 3) .
In addition, applying rotational force to rotate the head of the fetus is contraindicated because it can lead to detachment of the cup, cephalohematoma of the fetus, and scalp laceration [21, 22] .
Episiotomy
Most guidelines in other many countries state that episiotomy should not be performed routinely during surgical vaginal delivery. Randomized controlled trials were conducted to reduce perineal injury, but there were no significant differences in the rates of maternal anal sphincter tears or primary PPH between groups with and without episiotomy [23, 24] . The rates of trauma in the newborn infant were similar between the 2 groups, as were those of maternal fecal or urinary incontinence, perineal infection, and prolonged hospital admission [25] . Routine perineal incision is not recommended, and if necessary, a mediolateral perineal incision can be made to reduce damage to the anal sphincter [26, 27] . In Korea, the decision of whether to perform episiotomy is left to the discretion of each obstetrician.
Complications
Complications are known to occur more frequently when a metallic cup rather than a soft cup is used [28, 29] . Fetal and neonatal complications include shoulder dystocia, subdural hemorrhage, facial nerve palsy, subconjunctival hemorrhage, retinal hemorrhage, cranial fracture, intracranial hemorrhage, scalp laceration, and cervical injury [30] . Intracranial hemorrhage was reported to occur in one of 860 newborns delivered by VE delivery. Infants delivered by VE had significantly higher rates of subdural or cerebral hemorrhage than those delivered spontaneously. Operative vaginal delivery was associated with a neonatal encephalopathy rate of 4.2 per 1,000 term neonates, and a rate of neonatal death from intracranial hemorrhage of 3 to 4 per 10,000 operative vaginal deliveries. One study looking at a large California population demonstrated that infants who were delivered by surgical vaginal delivery had a significantly higher rate of subdural or cerebral hemorrhage than those who delivered spontaneously. However, in order for operative deliveries to be a safe alternative to cesarean deliveries, the appropriate comparison is those who underwent assisted vaginal deliveries to those who had cesarean sections during labor. This same study found that those infants who were delivered by cesarean delivery during labor also had an increased odds ratio, whereas those who were delivered by cesarean section before labor did not. In conclusion, that the common risk factor for intracranial hemorrhage is not the operative delivery but rather abnormal labor, is important to acknowledge to promote the increased use of operative vaginal delivery as a safe alternative to cesarean delivery. In addition, compared with VE, cesarean delivery during labor was associated with significantly higher rates of neonatal convulsions, feeding difficulty, and mechanical ventilation [31] .
In addition, maternal complications include cervical and vaginal laceration, PPH, urinary tract infections, pelvic floor injuries, and third-to fourth-degree lacerations [31] [32] [33] [34] [35] . The long second stage may also be associated with adverse maternal outcomes. Prolonged second stage, generally considered greater than 3 hours, has demonstrated an increased risk of infection, third and fourth-degree perineal lacerations, and PPH [36] .
Conclusion
In Korea, many women have traditionally preferred natural labor or naturalistic labor. However, for a variety of reasons, many women receive cesarean delivery. Because the best decision is made by the obstetrician at the time of delivery, it is important to screen for mothers who are more likely to undergo surgical vaginal delivery.
Operative vaginal delivery can be safely chosen when the second stage of delivery labor is prolonged, when prompt delivery is necessary due to fetal distress, and when the mother has to avoid or minimize labor due to medical illness.
The main points for operative vaginal delivery can be summarized as follows.
1. Vacuum delivery is defined as the delivery of the fetal head into the pelvis of the mother, and is safe as long as the amniotic membrane has ruptured, the precise location of the fetus is known, the fetus is at least 34+0 gestational weeks, and the bladder of the mother is empty.
2. Care should be taken as vacuum delivery can cause damage to the fetal head, as it can only pull the head of the fetus, unlike forceps delivery.
3. If there is difficulty to position the vacuum cup, descent of the head is unsatisfactory or if traction does not progress even after 15 to 20 minutes or 3 attempts, the vacuum delivery attempt should be stopped and cesarean section should be considered.
4. There are a wide range of possible complications of the mother and the newborn, most of which can also occur during the natural labor process. 5. Cephalohematoma or retinal hemorrhage of the fetus is more common in vacuum delivery than in forceps delivery or spontaneous delivery, but most cases recover naturally without complications.
6. The most appropriate choice at the time of delivery should be decided by the obstetrician.
7. It is important to screen mothers who are more likely to require vacuum delivery.
8. It is recommended to record what is described in the chart on an outpatient basis, explain at the beginning of the delivery, and consider receiving consent, if possible.
